Invasive micro-organisms efface enteric microvilli to establish intimate contact with the apical surface of enterocytes. To understand the molecular basis of this effacement in amebic colitis, we seeded Entamoeba histolytica trophozoites on top of differentiated human Caco-2 cell layers. Western blots of detergent lysates from such cocultures showed proteolysis of the actin-bundling protein villin within 1 min of direct contact of living trophozoites with enterocytes. Mixtures of separately prepared lysates excluded detergent colysis as the cause of villin proteolysis. Neither were caspases responsible as evidenced by the lack of degradation of specific substrates and the failure of a specific caspase inhibitor to prevent villin proteolysis. A crucial role for amebic cysteine proteinases was shown by prevention of villin proteolysis and associated microvillar alterations through treatment of trophozoites before coculture with synthetic inhibitors that completely blocked amebic cysteine proteinase activity on zymograms. Moreover, trophozoites of amebic strains pSA8 and SAW760 with strongly reduced cysteine proteinase activity showed a reduced proteolysis of villin in coculture with enteric cells. Salmonella typhimurium and Enteropathogenic Escherichia coli disturb microvilli without villin proteolysis, indicating that the latter is not a consequence of the disturbance of microvilli. In conclusion, villin proteolysis is an early event in the molecular cross talk between enterocytes and amebic trophozoites causing a disturbance of microvilli.
Introduction
Analysis of the early contact between pathogenic micro-organisms and their hosts has advanced our understanding not only of the pathogenesis of infectious disease but also of cellular microbiology (1) (2) (3) . Trophozoites of the extracellular protozoan parasite E. 1 histolytica colonize the human gut, occasionally invade the intestinal mucosa and sometimes metastasize to other organs (4) . Invasion necessitates an intimate adhesion of trophozoites to the enterocytes. Early molecular changes associated with such adhesion implicate transfer of the Gal/GalNAc-specific amebic lectin onto the lateral side of enterocytes (5) , insertion of amebic pore-forming proteins into the host cell membrane (6), dephosphorylation and degradation of host cell proteins (7, 8) and activation of caspase-3 like caspases (9) .
The apical side of enterocytes bears tightly packed microvilli hampering the intimate adhesion of trophozoites. Disorganisation of microvilli is an early morphological change caused by trophozoites (10) but its molecular basis is not understood. The purpose 1 Abbreviations: Ac-DEVD-amc, acetyl-Asp-Glu-Val-Asp-7-amino-4-methyl coumarin;
Villin proteolysis by Entamoeba histolytica 4 of the present study was to investigate the molecular mechanism by which trophozoites of Entamoeba histolytica efface the brush border microvilli of enteric cells. Each microvillus contains approximately 20 actin filaments which are bundled and linked to the plasma membrane by actin-binding proteins such as villin, fimbrin, small espin, ezrin and brush border myosin I (11) (12) (13) (14) . Villin is a major actin-bundling protein and a member of the family of Ca 2+ -regulated actin-binding proteins. It consists of 2 similar domains of 44 kDa and a head piece domain of 8.5 kDa. In vitro, the core domain caps, severs, and nucleates actin filaments in a Ca 2+ -dependent way, whereas the head piece domain binds actin filaments in a Ca 2+ -independent way; for bundling, the intact protein is required (15) .
Overexpression of villin in fibroblastic CV-1 cells results in the formation of microvilli whereas villin antisense expression impairs brush border formation in enteric Caco-2 cells (16, 17) . Although microvilli of villin knockout mice have a normal ultrastructure, villin is required in response to cell injury (14) .
Our experimental model consists of 3-week old well differentiated Caco-2 cell layers on top of which we seed trophozoites of various strains, namely pathogenic E.
histolytica HM-1:IMSS, transfected E. histolytica pSA8 (18) 
Urea lysates
Cocultures were stopped by washing with ice cold PBS and lysed with 9M urea lysis buffer supplemented with proteinase and phosphatase inhibitors (7) . Supernatants were taken for SDS-polyacrylamide gel electrophoresis. To evaluate protein degradation by proteinases released from the trophozoites during lysate preparations (colysis) (24) , lysates of Caco-2 cell layers were mixed with lysates of trophozoites.
Western blot analysis
Lysates were separated by 10% SDS-polyacrylamide gel electrophoresis and transferred onto nitrocellulose membranes (Hybond) for immunostaining with a pAb against ezrin Pharmacia Biotech) and intensity of bands was quantified using the program Quantity One (Biorad).
Assays for EhCP activity
Gelatin zymography was done as described by Hellberg and colleagues (26) . Briefly, trophozoites were lysed by 4 cycles freeze-thawing in PBS and centrifuged at 15,000 x g.
Supernatants were reduced with 10mM DTT for 10 min at 37°C and equal protein concentrations (4µg) were loaded on a 10% SDS-polyacrylamide gel co-polymerized with 0.1% gelatin. After separation, gels were incubated for 1 h in 2.5% Triton-X-100 at 37°C
followed by 3 h in substrate buffer (100mM sodium acetate pH 4.5, 1% Triton-X-100, 20mM DTT) and stained with Coomassie Brilliant Blue.
Spectrophotometrical analysis of EhCP activity was done with the synthetic substrate z-RR.pNA (Bachem) (27 independent experiments by 3 observers. The Student T-test, p<0.05 was used for statistics.
Caspase activity
Caspase activity was determined in accordance with Van 
Amebic proteolysis of villin is not due to detergent colysis.
After a 15 min coculture, 80% of seeded trophozoites were still attached to the Caco-2 cell layer at the moment of detergent lysis. Therefore, detergent colysis, an important caveat for conclusions about proteolysis drawn from Western blots (24) , might explain the lack of further villin proteolysis during longer coculture. To prevent proteolysis during detergent colysis, 9M urea was added to the lysis buffer. As a control, lysates of trophozoites and of Caco-2 cell layers were made separately, mixed and analyzed on Western blot. Villin by guest on January 8, 2018
http://www.jbc.org/ Downloaded from proteolysis during colysis was much lower (28%) than during coculture (77%) and hardly differed from control cultures without trophozoites (19%) (Fig. 2B ). From these results we conclude that villin proteolysis occurs during coculture and not during detergent lysis.
Proteolysis requires adhesion of living trophozoites to the enteric cells
Neither amebic sonicates nor heat-inactivated trophozoites, nor conditioned medium of cocultures had an effect on villin; cocultures in presence of anti-adhesive concentrations were still present (Fig. 3B ). From these results we conclude that adhesion of living trophozoites to the enterocytes is necessary to initiate and maintain villin proteolysis.
Caspases do not participate at villin proteolysis.
Caspases constitute a family of cysteine proteinases involved in programmed cell death (30) . Caspase-3 like activation occurs within 30 min coculture of trophozoites with Jurkat cells in vitro (9) . Therefore, the possible contribution of caspases to the specific and limited proteolysis of villin in Caco-2 cells was assessed. Using the fluorogenic substrate Ac-DEVD-amc we were unable to detect any caspase activity in cell lysates derived from cocultures. In three independent experiments, the released fluorescence was even lower in lysates from 15, 60, and 180 min cocultures (79, 73 and 77% respectively) as compared to were involved. Villin proteolysis could not be inhibited when 100µM z-FA.fmk was added to the lysis buffers (Fig. 4C ), in agreement with the previous conclusion that villin was not degraded during detergent colysis (see Fig. 2B ). To confirm that z-FA.fmk inhibits EhCPs, trophozoites were treated with 100µM z-FA.fmk and processed for zymography ( trophozoites, where patterns were mainly disturbed (Fig. 6 , B-C).
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Disturbance of microvilli by other micro-organisms without villin proteolysis
We wanted to examine if villin proteolysis was the consequence of the disturbance of microvilli, regardless its cause. Therefore, we examined villin in cocultures with S.
typhimurium and EPEC, which are known to disturb microvilli of enteric cells (33, 34) .
Disturbance of microvilli was confirmed in the present experiments through ezrin immunocytochemical staining of 1 h cocultures of Caco-2 cells with S. typhimurium, EPEC or HM-1:IMSS trophozoites (Fig. 7A) . Western blots showed no proteolysis of villin from cocultures with bacteria, in contrast to cocultures with amebic trophozoites (Fig. 7B) .
Comparison of these cocultures suggests that proteolysis of villin is not the consequence of the disturbance of microvilli.
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Discussion
Enteric villin is proteolysed in cocultures of Caco-2 cells with E. histolytica trophozoites. This in vitro observation suggests a mechanism for the effacement of microvilli by amebic parasites (10, 32) .
Proteolysis during preparation of detergent lysates, called colysis (24) 
